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Forming Processes of Micro-Ecology in Anaerobic Sludge Granulation

PENG Jian-feng' , SONG Yong-hui', LIU Ran'"*, WANG Yi-li’, YUAN Peng', GAO Hong-jie'

(1. Department of Urban Water Environmental Research, Chinese Research Academy of Environmental Sciences, Beijing 100012,
China; 2. School of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China)

Abstract: By use of the fluorescence in situ hybridization ( FISH) and the polymerase chain reaction-denaturing gradient gel
electrophoresis (PCR-DGGE) methods, the diversity and similarity of microbial community during anaerobic sludge granulation were
studied. The relative abundance and their succession of H,-producing acetogens (HPA) , homoacetoges (HOMA) and methanogens
were monitored. And the whole forming processes of micro-ecology were investigated correspondingly. The results showed that for an
anaerobic reactor during normal startup, only through 33-days continuous operation, the healthy microecology of granular sludge could
be formed, which is much less than the growth period of granular sludge ( > 180 d) and the time for achieving good COD removal
(about 50 d). During the granulation processes of anaerobic sludge, the Shannon-Wiener diversity index of the microbial community
increased firstly to 3. 11 and then decreased to 2. 88, and their similarity increased from 44% to 86% continuously. It is through these
three stages, namely the adaptive stage, the growth stage and the stabilization stage in turn, the stable microecology could be formed
gradually. In the initial granulation stage, the methanogens had a higher growth speed, resulting in methanogens, HPA and HOMA
studied being produced in a ratio of approximately 42:2:1, respectively. However, with the healthy mocroecology been formed
gradually, the ratio of methanogens to HPA and HOMA decreased to 2. 8:2.4: 1.0 finally.
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) ) ’ 2~3
[7~9]
’ . ’
b ’ Y
[1,2]
. ’ AY
[10]
b
N ’
[11~13]
( H N N SEM °
) ’ :2010-08-22; :2010-11-18
. . : (50708101 ) ;
(20087X07208-003)
[3~6] : (1977 ~), )

, E-mail ; pjf1995@ 163. com
y * , E-mail ; songyh@ craes. org. cn



2014 32
s Mg.Fe . Co Ni . NaHCO,
, , pH 6.8~7.5
1.3
. 0.2,10, 17,26, 33,40, 49,
, 60.69d ABR .
L=l MLSS . MLVSS  SVI ;
FISH PCR-DGGE N
. COD; 4 C . 4%
[18]
s 2 mL
, ,  Olympus s
, Sauter
[19]
1 .
Sauter
1.1 _ 24 13
D =1/n Z (ab”)
5 ABR
,D ,m; a ,mm;b
16.5 L,
,mm;n
20 h, (35 +1)C.
1.4
ABR .
CcoD 0.21 kg/(m’-d), COD
80% A
20% . , ’
, 1~2
1.2 SYN700,WOI1.223 2
A*/0
A2/0 ;o AW
Acetobacterium species MG1200
MLVSS/MISS  67% - Methanomicrobiales. , EUB338
, ARCHO15
MLVSS/MLSS 40%. > >
ABR . )
R , TAMRA  FITC 5’ ,
COD 2000 mg/L,COD: N: P =235:5: 1, 1
1 FISH
Table 1  16S rRNA-targeted oligonucleotide probes used in FISH experiment
(5" 103")
EUB338 GCT GCC TCC CGT AGG AGT TAMRA
ARCH915 GTG CTC CCC CGC CAA TTC CT FITC
SYNM700 ACT GGT RTT CCT CCT GAT TTC TA TAMRA
WO0L223 ACG CAG ACT CAT cCCC GTG FITC
AW GGC TAT TCC TTT CCA TAG GG FITC
MG1200 CGG ATA ATT CGG GGC ATG CTG TAMRA
Olympus DGGE) ; DNA SDS
120221 DGGE  Deode , 1
- ( PCR- x SYBR Gold 30 min,  GSD 8000



2015

,  Bio-Rad Quantityone
DGGE s Shannon-Wiener

(18, 22,23]

Quantityone
UPGMA ( The unweighted pair group method with

arithmetic averages ) ,
MEGA4. 1 , ( neighbor-joining, NJ)
[18,22]
2
2.1 COD
ABR
1 , COD
50 d, 0.2 kg/(m’+d) 0.4
kg/(m’-d),COD 75% 95% ,
COD <100 mg/L; 50 ~180 d,
COD 2.0 kg/(m’-d),COD
95% , COD 20 ~ 50
mg/L . 180d ,ABR
50 d
2500 100
2000 480
Tg‘o 1500 460 §-
g —o— #KCOD %
S 1000 e gcon 1% 8
s - CoDRERE | ©
0 Bk A Ty |,
0 50 100 150 200
JE B IRtRI/d
1 COD
Fig. 1 Variation of COD in the whole start-up stage
2.2
ABR
2
2 , ABR
180 d
10d,
; 25d .

0.7 mm; 50 d. 1.3 mm

3.0
2.5+ Ko X
ipge
E 20
h‘.“-
™
oask X s
B = 0.098,"83
£ 10 R*=0.930
= .
0.5
u '} i 'S L
1] 50 100 150 200
Fe &h i )/ d
2
Fig.2 Variation of the size distributions of anaerobic
granular sludge in start-up stage
9 b
5
180 d 2.0 mm,
. ABR
, COD 50 d
2.3
Shannon-Wiener
2
3.
32
30 F f_:\*
B 28 |
ﬁ 26
i
W 24
22 |
2.0
0 2 10 17 26 33 40 49 60 69
JE B /A
3 Shannon-Wiener

Fig.3 Shannon-Wiener index of the granular sludge

throughout start-up stage

[27]

’

Shannon-Wiener

40 d



2016 32

Shannon-Wiener 3.11; 0d -
, Shannon-Wiener 2d N
60 ~69 d 2.88 . By 10d
« ' 17d [ HKH
’ - 0.44 073
— 73 - 0.58 26d )
’ 33d
— 074
N 40d
2.4 o a4 -REM
0.78 60d
0.86 )
, Quantityone 69d
UPGMA ’ 4 UPGMA
4 . Fig.4  Cluster analysis of microbes DGGE by UPGMA
, 2.5
3 ,
b 3 ’ Y
' ' [24,25]
33~40d ,
, Shannon-Wiener N 3
’ ’ 5
, FISH
, 5 DAPI
86% . EUB338 ., ARCH915 MG1200

AB,C,D E F. ,
5 60 d FISH

Fig.5 FISH analysis of microbial community through 60 d cultivation



7 2017
Y Y b ’ 3
N 2.8:2.4:1.0
3
b
(1) )
, 6 180 d,COD 50 d,
, 33 d.
(27.4 £0.3)% , (19.9 +0.2)% (2) ,
. 50% . 44% 86% , Shannon-Wiener
, 3.11 2.88,
, « N N ” 3 ,
33d ,
170% (3) ,
290% . , (58.3 £0.7)% (46.2 =+
(58.3 +0.7)% (46.2 +  0.1)%
0.1)% ) , ,
60 | SN EEE X 42:2:1;
e ] \>K~>K/>\K/X ,
50 ESRETLRA
—X— M y N
S a0}
] 2.8:2.4:1.0
g 30
=z
= , [1] ; , )
0 2 10 17 26 33 40 49 60 68 76
B 3N I/ [J]. , 2006, 27 (11);
2354-2357.
6 [2] Grobicki A M W, Stuckey D C. Performance of the anaerobic
Fig. 6 Abundance succession of the microbial community baffled reactor under steady state and shock loading conditions
throughout start-up stage [J]. Biotechnology and Bioengineering, 1991, 37 ; 344-355.
[3] , , (ABR)
[J]. , 2000, 6(5) : 490-498.
( SYNM700 WOI1223 ) . [4] JiGD, SunTH, Ni J R, et al. Anaerobic baffled reactor
(ABR) for treating heavy oil produced water with high
( AW ) o . .
concentrations of salt and poor nutrient [ J J Bioresource
( MG1200 ) , Technology, 2009, 100 1108-1114.
[5] WangJQ, ShenD S, XuY H. Effect of acidification percentage
, (0 3 +0.002 ) % , and volatile organic acids on the anaerobic biological process in
simulated landfill bioreactors [ J]. Process Biochemistry, 2006,
74 ’ 41(7): 1677-1681.
’ ’ [ 6] Entirk ES, Ince M, Engin G O. Treatment efficiency and VFA
(0 4£0.2 ) P (0 2+ composition of a thermophilic anaerobic contact reactor treating
0. 02) % N food industry wastewater [ J]. Journal of Hazardous Materials,
42:2:1, 2010, 176 ; 843-848.
[26] [7] , , ,
9 ’
[J]. , 2008, 33(8): 37-42.
, 33 d 3 . .
[ 8] Uyanik S, Sallis P J, Anderson G K. The effect of polymer
2.6:2.3:1 ’ > addition on granulation in an anaerobic baffled reactor ( ABR).
40 d y Part II; compartmentalization of bacterial populations [ J]. Water



2018 32
Research, 2002, 36: 944-955. 2009, 77 1137-1142.

[9] Sallis P J, Uyanik S. Granule development in a split-feed [18] s s s
anaerobic baffled reactor [ J]. Bioresource Technology, 2003, [J]. , 2010, 31(7) : 1554-
89. 255-265. 1560.

[10] Lemaire R, Yuan Z, Blackall L L, et al. Microbial distribution [19] s s , . ABR
of Accumulibacter spp. and Competibacter spp. in aerobic [J]. , 2005, 26(4) . 118-123.
granules from a lab-scale biological nutrient removal system [ J]. [20] s s s (ABR)
Environmental Microbiology, 2008, 10(2) : 354-363. [J]. , 2010, 23(6) . 741-

[11] MuY, YuH Q, Wang Y. The role of pH in the fermentative H, 747.
production from an acidogenic granule-based reactor [ J]. [21] s s s
Chemosphere, 2006, 64 . 350-358. [J]. , 2004, 22(1): 3-6.

[12] Bhunia P, Ghangrekar M M. Required minimum granule size in [22] Zhou J, Mary B, James M T. DNA recovery from soils of diverse
UASB reactor and characteristics variation with size [ J]. composition [ J]. Applied and Environmental Microbiology,
Bioresource Technology, 2007, 98 994-999. 1996, 62 . 316-322.

[13] Wang SG, Liu X W, Gong W X, et al. Aerobic granulation with [23] N S , . PCR-SSCP
brewery wastewater in a sequencing batch reactor [ J]. [J]. (C
Bioresource Technology, 2007, 98 . 2142-2147. ) , 2006, 36(1): 51-58.

[14] Zhou W L, Imai T, Ukita M, et al. Effect of loading rate on the [24] Lima G D P, Sleep B E. The spatial distribution of Eubacteria
granulation process and granular activity in a bench scale UASB and Archaea in sand-clay columns degrading carbon tetrachloride
reactor [ J]. Bioresource Technology, 2007, 98 1386-1392. and methanol [ J]. Journal of Contaminant Hydrology, 2007, 94

[15] De Kreuk M K, Pronk M, Van Loosdrecht M C M. Formation of (1-2): 34-48.
aerobic granules and conversion processes in an aerobic granular [25] SunY J, Zuo J E, Chen L L, et al. Eubacteria and Archaea
sludge reactor at moderate and low temperatures [ J]. Water community of simultaneous methanogenesis and denitrification
Research, 2005, 39 4476-4484. granular sludge [ J]. Journal of Environmental Science, 2008,

[16] Ucisik A S, Henze M. Biological hydrolysis and acidification of 20(5) : 626-631.
sludge under anaerobic conditions: The effect of sludge type and [26] Taconi K A, Zappi M E, French W T, et al. Feasibility of
origin on the production and composition of volatile fatty acids methanogenic digestion applied to a low pH acetic acid solution
[J]. Water Research, 2008, 42. 3729-3738. [J]. Bioresource Technology, 2007, 98(8) : 1579-1585.

[17] Alkaya E, Kaptan S, Ozkan L. Recovery of acids from anaerobic [27] s X ., . MBR
acidification broth by liquid-liquid extraction [ J]. Chemosphere, [J]. , 2008, 8(11):2192-2199.





